culated from the variation of peak potential and diffusion current of simple and complexed metal ions under the present experimental conditions. It was found that copper(II) form three complexes (1:1, 1:2 and 1: 3; metal : ligand) with 1,10-phenanthroline. The overall stability constant of copper complexes, MLn can be defined as β MLn = [ML n 
] [L] n in which M 2+ = Cu 2+ and L = 1,10-phenanthroline; n is an integer. The values of the stability constant of different copper complexes with 1,10-phenanthroline were found to be 10 9.33 , 10
15.10 and 10 20.48 for CuL, CuL 2 and CuL 3 , respectively (the overall charges were omitted for simplicity). The high values of overall stability constant indicate that the complexes are highly stable. Using the values of stability constant of copper complexes and hydrolysis constant of copper, the percentage of all possible copper species under present experimental conditions were calculated.
Keywords: Electrochemical, Speciation, Complexation, Copper 1,10-phenanthroline.
Bangladesh J. Sci. Ind. Res. 46(2), [219] [220] [221] [222] [223] [224] 2011 BCSIR Available online at www.banglajol.info BANGLADESH JOURNAL OF SCIENTIFIC AND INDUSTRIAL RESEARCH E-mail: bjsir07@gmail.com 1,10-phenanthroline have been widely used in biology, biochemistry, medicine, hydrochemistry, and sea hydrology in studying chelation and redox processes involving trace copper (Kosaka et. al.1998 , Mahadevan & Palaniandavar, 1998 , Lovstad, 1988 . The knowledge of chemical species and stability constants of copper (II) with 1,10-phenanthroline determined at such low concentrations is needed in order to understand the toxicity of copper(II). It is, therefore, intended to study the complexation and speciation of copper(II) in ppb level with 1,10-phenanthroline in aqueous media. The method, differential pulse anodic stripping voltammetry using thin mercury film electrode (TMFE) is applied for the determination and speciation of metal ions in environment at lower concentration (ppb or less).
Materials and Methods

Equipment and Reagents
The electrochemical measurements were performed by HQ-2040 electrochemical analyzer, Advanced Analytics, USA. The analyzer is coupled with computer controlled magnetic stirrer and electrochemical cell consisting of three electrodes: 3mm glassy carbon electrode, Ag/AgCl .KCl reference electrode and Pt counter electrode as described by Nahar et al, 1999 (99.99%) solution. The required standard solutions were prepared once a week by dilution of the stock solutions. All stock solutions were stored in the refrigerator at 4 o C.
Preparation of working electrode
The mercury film coated glassy carbon electrode was used as working electrode in this electrochemical study. The film was prepared on properly polished and washed glassy carbon electrode in 10 mL of 1.0 × 10 -3 mol dm -3 mercury(II) solution. The solution was purged with nitrogen for 10 minutes to remove dissolved oxygen. Then the electrodes were connected to the analyzer. Any bubbles adhering to the electrodes were removed by tapping them off. The mercury film deposition was done at -400 mV for 6 min by applying differential pulse voltammetry program.
Measurement of complexation of Cu(II) with 1,10-phenanthroline
To measure the complexation of copper(II) with 1,10-phenanthroline, first the electrochemical cell was assembled with 5 mL of 0.02 mol dm -3 borate buffer having pH 9.12 ± 0.10, 1 mL of 0.1 mol dm -3 NaNO 3 and 4 mL of distilled and deionized water. The solution was then purged with pure nitrogen for 10 minutes. The background voltammogram was obtained using the following run conditions for differential pulse anodic stripping voltammetry:
Mode, stripping; initial potential, -650 mV; final potential, 100 mV; gain (1-20), 10; deposition time, 120 s; quite time delay, 30 s.
The voltammograms of Cu(II) were obtained after successive addition of 20 ppb (μg/L) of Cu(II) in the cell under the above experimental conditions. A linear calibration was obtained. To study the complexation capability of Cu(II) with organic ligands, an aliquot of 10 mL solution of 200 ppb (3.15 10 -6 mole dm -3 ) Cu(II) was prepared in borate buffer having pH 9.12 ± 0.10 and ionic strength 0.01 mol dm -3
(NaNO 3 ). The solution was purged with nitrogen gas for 10 minutes to remove dissolved oxygen. The voltammogram of free Cu(II) was recorded using the same run conditions for DPASV as described above. The process was repeated for 3 times to check the reproducibility. An aliquot of 20 μL of 1.04 x 0 -4 mole dm -3 1,10-phenanthroline was added to the cell and the solution was stirred for 60 seconds. The DPASV run was performed again under the same experimental conditions. The peak potential shifted to less negative value and peak height reduced due to the addition of 1,10-phenanthroline. The process was continued after successive addition of 1,10-phenanthroline in it, until constant peak potential and peak height were obtained. 
Theory for data treatment
In presence of any organic ligand L, the free metal ion forms complexes as follows:
(1) Measurement of peak current and change in peak potential induced by increasing ligand concentration allows the determination of total conditional stability constant of complexes in solution. According to the concept of DeFord and Hume (DeFord and Hume, 1951) the change in peak potential with ligand concentration is related to the successive stability constant as follows:
Where, ΔE = (E) s -(E) c , (E) s = peak potential of simple metal ion and (E) c = peak potential of complex metal ion; n = number of electron involve in half reaction, F = Faraday constant, R= gas constant, I free = diffusion current of free metal ion, (Martell and Smith, 1982) , and neglecting the bound ligand with proton.
Where, C L represents the total concentration of ligand and K 1 and K 2 are the protonation constants of the ligand. The overall conditional stability constant of each species is determined using polynomial fitting program on Equation 2. The actual value of the overall stability constant is obtained by considering the inorganic side reaction coefficient of copper (α Cu ) at pH 9.12 ± 0.10.
Result and Discussions
The complexation of copper(II) with 1,10-phenanthroline were studied by differential pulse anodic stripping voltammetry at constant ionic strength (I = 0.01) at pH 9.1+ 0.1. From the effect of deposition time, potential range and pH, the optimum parameters were selected for copper(II) complexation. Using the optimum parameters, the calibration curves i.e. the plots of diffusion current against copper concentration was found to be linear for copper(II) shown in Figure 1 , indicating the reduction of metal to metal mercury is diffusion controlled. The formation of three metal-ligand complexes, ML 1 , ML 2 and ML 3 (where M represents copper and L represents 1,10-phenanthroline) are found under the experimental conditions. In the present experiment, DPASV technique detect the labile species which consist of free hydrated form (i. e. aqua metal ion, M
2+
) and hydroxo complexes (M + OH, M(OH) 2 and M(OH) 3 -). This means that the technique gives a conditional constant that takes into account the side reaction of metal. Thus, it is necessary to consider the side reaction of Cu 2+ with OH -at experimental pH. The actual value of the overall stability constant is obtained by considering the inorganic side reaction coefficient of copper ( α Cu ) at pH 9.10 and neglecting the hydrolyzed form. The values of α Cu can be computed from the following expression.
where, β 1 OH , . , β 3 OH are the overall hydrolysis constants of copper.
Using the hydrolysis constants of copper, the value of the side reaction coefficient, α Cu was found to be 1150.7 at pH 9.10.
Considering the inorganic side reaction coefficient of copper, the overall stability constants were calculated and listed in Table I . The large values of overall formation constants indicate that the complexes of copper (II) with 1,10-phenanthroline in alkaline pH are highly stable.
According to the hydrolysis constants of copper, mono-, diand tri-hydroxy species are possible to be formed. But in the present experimental conditions, 4.56 % CuOH + , 95.29% Cu(OH) 2 and 0.06% Cu(OH) 3 exist at pH 9.1. The remaining part exists as aqua copper ion (Cu 2+ ) in absence of ligand. 1,10-phenanthroline (L) contains the electron donor atom, N. It can be monoprotonated (HL) or diprotonated (H 2 L) depending on pH and the protonation constant. The distribution of different species of 1,10-phenanthroline in aqueous media with the variation of pH is shown in Fig. 6 (Martell and Smith, 1982) .
In the present investigation, the logarithmic values of overall stability constant of copper complexes with 1,10-phenanthroline are found to be 9.33, 15.10 and 20.48 for CuL, CuL 2 and CuL 3 , respectively. These values are very similar to the values reported before as shown in the Table I. In laboratory conditions, trace amount (200 ppb or 3.15μM) of copper was investigated in which free and hydrolysed forms are possible to exist in absence of ligand and hydrolysed as well as metal-ligand complexes are possible to exist in presence of ligand at pH 9.1. The percentage of all chemical species are calculated and shown in Figure 7 for copper phenanthroline complexes. The species distribution diagram shown in Figure 7 is of great help in the interpretation of voltammetric results and is used to confirm or reject a proposed metal-ligand model. All the above indicates that DPASV may be a powerful tool in trace metal speciation studies. 
Conclusion
The complexation and speciation of copper(II) was investigated by DPASV in presence of 1,10-phenanthroline. It was found that trace amount of copper(II) is able to form 1:1, 1:2 and 1:3 (metal: ligand) complexes with 1,10-phenanthroline depending on pH as well as concentration of ligand. The formation constants obtained in this work are in good agreement with those reported before (Martell and Smith, 1982) . In absence of ligand, about 95.3% copper exists as Cu(OH) 2 , whereas, in presence of any complexing ligand, it forms different complexes depending on ligand concentration. The large values of overall stability constant indicate that the complexes are highly stable. All species of copper co-exist within ligand concentration up to 1×10 -5 mol dm -3 under the present experimental condition.
